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12,14-hexaen-1-ium chloride 



b = 18.5693 (16) A 
c = 8.1489 (7) A 
B = 109.177 (1)° 
V = 1647.1 (3) A 3 
Z = 4 

Data collection 

Bruker SMART CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
T min = 0.815, r m „ = 0.869 



Mo Ka radiation 
IX, = 0.52 nun 4 
T = 298 K 

0.40 x 0.33 x 0.27 mm 



8082 measured reflections 
2895 independent reflections 
1944 reflections with / > 2a(I) 
R !n , = 0.042 
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Key indicators: single-crystal X-ray study; T = 298 K; mean cr(C-C) = 0.008 A; 
disorder in solvent or counterion; R factor = 0.068; wR factor = 0.219; data-to- 
parameter ratio = 12.1. 



In the title salt, Ci5H 17 N 4 0 4 S2 + CP, the chloride anion is 
disordered over two positions with occupancies of 0.776 (6) 
and 0.224 (6). The cation adopts an L shape and the dihedral 
angle between the benzene rings is 82.5 (3)°. In the crystal, 
inversion dimers of cations linked by pairs of N— H- ■ N 
hydrogen bonds occur, with the bond arising from the 
protonated N atom. The cationic dimers are linked into 
chains via the disordered chloride ions by way of N— H- ■ CI 
hydrogen bonds and N-H ■ O, C-H- ■ O and C-H- ■ CI 
interactions also occur, which help to consolidate the three- 
dimensional network. 

Related literature 

For a related structure and background references to supra- 
molecular networks, see: Jin et al. (2010). 




Experimental 

Crystal data 

c 15 H 17 N 4 o 4 s 2 + -cr 

M r = 416.90 



Refinement 

R[F 2 > 2a(F 2 )] = 0.068 

wR(F 2 ) = 0.219 

5 = 1.08 

2895 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



239 parameters 

H-atom parameters constrained 
Ap max = 0.52 e A~ 3 
^Pmm = -0-96 e A~ 3 
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N1-HL4-- 


OT 
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3.081 (8) 


153 


N1-H1B-- 


Cll a 




0.89 


2.26 


3.141 (7) 


170 


N2-H2A-- 


■Cll m 




0.89 


2.19 


3.042 (6) 


160 


N2-H2B- ■ ■ 
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0.89 


2.46 


3.109 (7) 


130 


N2-H2B- ■ • 


02 iv 




0.89 


2.36 


3.240 (7) 


168 


N4-H4- ■ -N2 V 




0.91 


2.02 


2.922 (7) 


173 


C12-H12- ■ 


■03 vi 




0.93 


2.49 


3.416 (7) 


175 


C13— K13A 


■ ■ cir 




0.97 


2.76 


3.514 (7) 


135 


C14-H14.4 


• ■ 04' 




0.97 
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3.212 (9) 


130 


C15-H15.4 


• ■ 03 v 




0.97 


2.52 


3.443 (7) 


158 


Symmetry codes: 


(>) x, 






z; (iii) x, - 


-y + iz + l; (iv) 


x- U-y+l 




(v) - 


x +l,-y- 


fl.-z + l; (vi) 


-x+l,-y 


fl, -z+2; (vii) 


x+l,-v+l 


,z + b 


(viii) x. 


y, z - 1. 









Monoclinic, Pl x jc 
a = 11.5247 (11) A 



Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 
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No. Y201017321) and the innovation project of Zhejiang A & 
F University. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6395). 
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5,13-Disulfamoyl-l,9-diazatetracyclo[7.7.1.0 2 ' 7 .0 10 ' 15 ]heptadeca-2(7),3,5,10,12,14-hexaen-l-ium 
chloride 

Y. Xu, S. Jin, J. Zhu, Y. J. Liu and C. C. Shi 
Comment 

Organic salts based on hydrogen bonding are a research field receiving great attention in recent years. As an extension of 
our study concentrating on hydrogen bonded assembly of organic acid and organic base (Jin et ah, 2010), herein we report 
the crystal structure of 2,9-Dibenzenesulfonamide-l,5-diazaium-bicyclo[3.3.1]dimethanodibenzo chloride. 

The crystal of the title compound of the formula C15H17CIN4O4S2 was obtained by recrystallization of 2,9-Dibenzenes- 
ulfonamide-l,5-diazaium- bicyclo[3.3. ljdimethanodibenzo from methanol and HQ solution. 

The compound is a salt. The asymmetric unit of the compound consists of one monocation, and one chloride anion (Fig. 
1), respectively. 

The chloride anion is disordered over two positions with occupancies of 0.78, and 0.22 respectively. In the compound 
there is a mirror plane running through the C15 atom. Two cations formed dimers via the N — H - N hydrogen bond between 
the NH+ cation and the amino group with N — N separation of 2.922 (6) A%. The cation dimers were connected together 
via the chloride anion through CH — CI, CI — O, and N — FT-C1 contacts to form one -dimensional chain (A) running along 
the b axis direction (Fig. 2). Such adjacent chains were combined together by the CH2 — O, and CH — O interactions to 
form two-dimensional sheet extending along the be plane. Such kind of sheets were stacked along the a axis direction via 
the CH2 — CI interactions to form three-dimensional network structure. It is worthy to note that there are one-dimensional 
chains (B) that are running through the three-dimensional network. And such kind of chains were connected with the three- 
dimensional network through the N — H— S, and N — H—O interactions. 

Experimental 

A solution of 2, 9-dibenzenesulfonamide-l,5-diazabicyclo[3. 3. ljdimethanodibenzo (38 mg, 0.1 mmol) was dissolved in 5 
ml of methanol and 1 ml of cone. HC1 under continuous stirring. The solution was stirred for about 1 h at room temperature, 
then the solution was filtered into a test tube. The solution was left standing at room temperature for several days, colorless 
block crystals were isolated after slow evaporation of the solution in air at ambient temperature. The crystals were collected 
and dried in air to give the title compound. 

Refinement 

Hydrogen atoms attached to the C atoms were placed in calculated positions with d(C — H) = 0.93-0.97 A. Positions of the 
hydrogen atoms at the NH groups were located from the Fourier difference syntheses and refined independently. All (7i so 
values were restrained on U sq values of the parent atoms. 
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Figures 




Fig. 1. The structure of the title compound, showing displacement ellipsoids drawn at the 30° 
probability level. 



Fig. 2. The one-dimensional doublechain formed through CH — O, and CH2 — O interactions 
running along the a axis direction. 



5,1 3-Disulfamoyl-1 ,9-diazatetracyclo[7.7.1 .0 2 ' 7 .0 1 0,1 5 ]heptadeca- 2(7),3,5,1 0,1 2,1 4-hexaen-1 -ium chloride 



Crystal data 

Ci5H 17 N 4 0 4 S2 + -Cr 
M r = 416.90 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a= 11.5247 (11) A 
6 = 18.5693 (16) A 
c = 8.1489 (7) A 
(3= 109.177(1)° 
V= 1647.1 (3) A 3 



-3 



Z = 4 

F(000) = 864 
D x = 1.681 MgnT 
Mo Ka radiation, X = 0.71073 . 

|i = 0.52 mm 1 

7=298K 

Block, colorless 

0.40 x 0.33 x 0.27 mm 



Data collection 

Bruker SMART CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
r min = 0.815, J max = 0.869 
8082 measured reflections 



2895 independent reflections 

1944 reflections with / > 2a(I) 
« tot = 0.042 

©max ~~ 25.0 , 0 m in — 2.9 

A =11 >13 

k = -21^22 
/ = -9^5 



Refinement 



Refinement on F 



Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.068 
wR(F 2 ) = 0.219 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
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S= 1.08 



w = V[o 2 (F 2 ) + (0.0953P) 2 + 5.3108P] 
where P = (F 0 2 + 2F 2 )/3 



2895 reflections 

239 parameters Ap max = 0.52 e A~ 3 

0 restraints Ap m j n = -0.96 e A~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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Occ. (<1) 
0.776 (6) 
0.224 (6) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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0.9700 


ca ps 


1 1 Q S 

117.J 


p<; Cfi PI 

— v. 1 


110 7 (SI 


PS Cfi Wf\ 
— — nu 


1 7(1 4 


pi c(\ w(\ 


1 7(1 4 


ps CI T17 


191 (SI 


ps ci 


1 1 Q 1 (41 


P17 ci <\7 


1 1 Q f> (d\ 


ci ps cq 


1 7(1 (1 (SI 


CI CR H8 
v_. / — ^0 — no 


1 7(1 (1 


CQ P8 H8 
\^y no 


1 7(1 (1 


^0 \^y v. 1 u 


118^ (41 


ps CQ PI A 

— \^y v. 1 h 


1 7(1 7 (4 s ! 


PIO CQ P14 
v. lu \^y v. 1 1 


1 7 1 (1 fA"! 
IZl.u 


pi 1 pin PQ 


171 1 


p 1 1 p 1 n Nd 


1 1 8 S (A\ 
1 1 0. J \H) 


C9— C10— N4 


120.3 (4) 


C12— Cll— C10 


120.5 (5) 


C12— Cll— Hll 


119.8 


C10— Cll— Hll 


119.8 


Cll— C12— C7 


118.7 (5) 


Cll— C12— H12 


120.6 


C7— C12— H12 


120.6 


N4— C13— C3 


111.0(4) 
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i~\A O Ml 

U'H — bz — JNZ 


1U5.5 (3) 


XT A P 1 1 ITI1 A 

JN4 — C13 — hl!3A 


1 nn a 

iuy.4 


r\i ci p*7 
U3 — bz — C / 


1 AO A /"3\ 
1U6.U (3) 


pi p 1 1 un a 
C3 — C 1 3 — hi 1 3 A 


1 nn /i 

iuy.4 


pi a PT 

U4 — bz — C / 


1 AO A f1\ 
lUS.U (J) 


XT /I PI 1 ill in 

JN4 — C13 — Jt113d 


1 nn /i 

iuy.4 


\n ci p *7 
JNZ — bz — C/ 


1 a/; 1 n\ 
1U0.2 (2) 


PI p i i ill in 

C3 — C 1 3 — hi 1 3B 


1 nn /i 

iuy.4 


p-> ni p^ 

Cz — CI — Co 


1 1A "7 
12U. / (5) 


TJ 1 1 a pn III in 

hi 1 3A — C 1 3 — hi 1 3r> 


1 no n 


PO ni ci 

Cz — C 1 — b 1 


1 1 A 1 {A \ 

12U.1 (4) 


xti p 1 /i pn 
JN 3 — C 1 4 — CV 


111 O (A \ 

111.5 (4) 


p/l ni ci 

Co — CI — bl 


1 1(1 1 /,1 \ 

ny.i (4) 


XTI P 1 /I UU A 

JN3 — C14 — H14A 


1 nn i 

iuy.3 


P i po po 

CI — Cz — C3 


1 1 A A 1 Z\ 

ny.y (d) 


pn p 1 /i ui /i a 
Cv — C 1 4 — hi 1 4 A 


1 nn i 

iuy.3 


P 1 /T> TJ1 

CI — Cz — hlZ 


1 1A 1 
12U.1 


XTI P 1 /I I I 1 ,1 D 

JN3 — C14 — hll4r> 


1 nn i 

iuy.3 


C3 — Cz — hlZ 


1 1A 1 
12U.1 


pn pi a 1 1 1 /in 
Cy — C 1 4 — hi 1 4r> 


1 nn i 

iuy.3 


pi A PQ /"IT 

C4 — C3 — Cz 


1 1 O A 

116. y (5) 


Ul /I A pi /I I I 1 1 T) 

hi 1 4 A — C 1 4 — hi 1 4r> 


1 n*7 n 

iu/.y 


P/l po ni i 

C4 — C3 — C 1 3 


121. j (j) 


xn PK XT A 

JN3 — CI J — JN4 


1 1 n n ( a\ 
1 1U.U (4) 


v^Z, V j V. 1 J 




XTO P 1 C TT 1 C A 

IN D V 1 J 1 1 1 Jrt 


1 HQ 7 

1 U7. / 


C5 — C4 — C3 


120.3 (5) 


N4 — C15 — H15A 


109.7 


C5 — C4 — N3 


118.8 (4) 


N3 — C15 — H15B 


109.7 


C3 — C4 — N3 


120.9 (5) 


N4 — C15 — H15B 


109.7 


C6 — C5 — C4 


121.0 (5) 


H 1 5 A — C 1 5 — H 1 5B 


108.2 


C6 — C5 — H5 


119.5 






ci pi po 

Uz — b 1 — C 1 — Cz 


On *7 /C\ 

ZU. / (p) 


c 1 2 — c / — — cy 


1 1 i"7\ 

1.1 (7) 


( \ i ci p 1 n 
<J1 — bl — CI — CZ 


1 /| O 1 (A \ 

14s. 3 (4) 


O P"7 PO PA 

152 — C / — C8 — C9 


— 1 /5. / (4) 


xt 1 ci n n 
JN 1 — M — CI — Cz 


C\C 1 /c\ 

— yo.z p) 


P"7 PO PA P1A 

C / — C8 — C9 — C 1 U 


1 C (H\ 

-1.5 (7) 


PO c i p 1 P/L 

Uz — bl — CI — Co 


1 en n \ 
— IjV.y (4) 


p"7 po pn pi /i 
C / — C8 — C9 — C 1 4 


1 T7 H /C\ 

177.7 (5) 


C\ i c 1 pi p/: 

(Jl — bl — CI — Co 


n o /c\ 
—51.1 {?) 


PO PA p 1 A P11 

C8 — C9 — C 1 U — C 1 1 


1 C <"7\ 

1.5 (7) 


xti ci n / 
JN 1 — b 1 — C 1 — Co 


oi 1 /c\ 
o3.3 p) 


PH PA P 1 A P 1 1 

C 1 4 — C9 — C 1 U — C 1 1 


i nn *7 /c\ 

-177.7 (5) 


p/l ni PO po 

Co — C 1 — Cz — C3 


1 O SQ\ 

-1.2 (8) 


PO PA P1A M/1 

C8 — C9 — C 1 U — JN 4 


1 *70 n //I \ 

— 1 /o.U (4) 


C 1 P i po 

b 1 — C 1 — Cz — C 3 


1 /o.Z (4) 


pij pa p 1 A M/1 

C 1 4 — C9 — C 1 U — JN 4 


2.8 (7) 


ni ( no n/i 

C 1 — CZ — Co — C4 


-0.3 (7) 


P 1 1 M/1 P 1 A P 1 1 

C1J — JN4 — C1U — Cll 


/o.l [p) 


ni po no ni ■> 

C 1 — Cz — Ci — C 1 3 


1 *70 T /C\ 

1 /o.z pj 


PK M/1 p 1 A P11 

C15 — JN4 — C1U — CI 1 


1 T /C\ 

— lo3.z (j) 


ri no n /] nc 

CZ — C3 — C4 — C J 


2.1 (7) 


p 1 1 M/1 p i a pn 
C 1 i — JN 4 — C 1 u — cy 


— 1U4.4 p ) 


PI 1 ( • 1 f^A ( • C 

C 1 3 — C3 — C4 — CD 


— 1 /0.4 p ) 


P 1 c M/1 P 1 A PQ 

c i j — jn 4 — c i u — cy 


lo.4 [p ) 


( no n/i \yj 

CZ — C3 — C4 — JN 3 


— 1 /O.l (4 j 


po P1A P11 pn 

cy — ciu — ci i — ci2 


-1.0 (8) 


p 1 1 pi p /] xtq 

C 1 3 — C3 — C4 — JN 3 


3.4 (7) 


M/i p i a P11 pn 
JN4 — CIU — CI 1 — C12 


1 *70 C /C\ 
1 /O.J {J) 


pi r XTI P a nc 

C 1 j — JN 3 — C4 — C j 


1 /T') O (A \ 

-loZ.o (4) 


P1A P11 PIT P"7 

CIO — Cll — C12 — C/ 


n c /t>\ 
U.!> (5) 


pi 4 XTI P /] PC 

C 1 4 — JN 3 — C4 — CD 


/4.U (o) 


po p~7 pn P11 
C8 — C / — C 1 2 — C 1 1 


n c /q\ 


pi f XTI p A PQ 

C 1 j — JN 3 — C4 — C3 


1 n c 
1 /.J (o) 


oi p^7 pn pii 
S>2 — C / — C 1 2 — C 1 1 


1 1C\ 1 f A\ 

i /y.3 (4) 


pi 4 XTI P /] PQ 

C 1 4 — JN 3 — C4 — C3 


1 AC O /C\ 

— IUj.o p) 


pia M/i pn pi 
C 1 U — JN 4 — C 1 j — C 3 


*7C /C\ 

75.6 (5) 


PI p /I PC ( " 

C3 — C4 — C j — Co 


-2.5 (8) 


PK M/1 P 1 1 PI 

C15 — JN4 — C13 — C5 


A *7 £ /C\ 

-4 /.o p) 


XTI P,/1 PC f 

JN 3 — C4 — C j — C 0 


1 T7 *7 ( Z. \ 
1 / / . / PJ 


P/1 PI P 1 1 M/1 

C4 Co — C 1 i — JN 4 


13.2 (7) 


P/l pc P/L pi 

C4 — CD — Co — C 1 


1.0(8) 


pi pi pn M/i 
C2 — Cj — C 1 3 — JN 4 


-105.3 (4) 


PI pi P/C PC 

Cz — C 1 — C o — C D 


0.9 (8) 


PK \n pi yi pn 

C 1 5 — JN i — C 1 4 Cy 


/lOO 

—45.8 (5) 


C 1 P 1 P/C PC 

bl — CI — Co — Cj 


1 "70 /; //l \ 
-1 /6.D (4) 


p/i mi p 1 a pn 
C4 JN i — C 1 4 — Cy 


"7/; A 
/O.U (5) 


P.1 CO P"7 po 

<J3 — bZ — C / — Co 


1 1 L.i (4J 


PQ PQ P 1 A Ml 

cs — cy — C 1 4 — JN 3 


— 100. U (4j 


r\A ci p*7 po 

04 — S2 — C7 — C8 


42.2 (5) 


pin pn PI J MT 

C 1 0 — C9 — C 1 4 — JN 3 


13.3 (6) 


N2— S2— C7— C8 


-74.1 (5) 


C4— N3— C15— N4 


-54.7 (5) 


03— S2— C7— C12 


-7.5 (5) 


C14— N3— C15— N4 


70.6 (5) 


04— S2— C7— C12 


-137.6 (5) 


C10— N4— C15— N3 


-52.9 (6) 


N2— S2— C7— C12 


106.1 (4) 


C13— N4— C15— N3 


71.4 (5) 


Symmetry codes: (i) -x, -y, -z+1. 
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Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


H-A 


D-A 


D—H-A 


Nl— H1A-02" 


0.89 


2.26 


3.081 (8) 


153 


Nl— H1B — Cll™ 


0.89 


2.26 


3.141 (7) 


170 


N2— H2A-Cll iv 


0.89 


2.19 


3.042 (6) 


160 


N2— H2B -01 v 


0.89 


2.46 


3.109 (7) 


130 


N2— H2B-02 V 


0.89 


2.36 


3.240 (7) 


168 


N4— H4-N2 vi 


0.91 


2.02 


2.922 (7) 


173 


C12— H12-03™ 


0.93 


2.49 


3.416 (7) 


175 


CI 3— H13A-C11™ 


0.97 


2.76 


3.514 (7) 


135 


C14— H14A-04" 


0.97 


2.50 


3.212 (9) 


130 


CI 5— H15A-03 ix 


0.97 


2.52 


3.443 (7) 


158 



Symmetry codes: (ii) x, -y+l/2, z-1/2; (iii) x+\,y, z; (iv) x, -y+1/2, z+1/2; (v) x-1, ->>+l/2, z-1/2; (vi) -x+\, -y+l, -z+1; (vii) -x+l, 
-y+l, -z+2; (viii)x+l, -y+ 1/2, z+1/2; (ix) x,y,z-l. 
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